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The optical blood volume curve sometimes presents either a
positive or a negative rapid and reversible variation (spike)
during the step of the dialysate conductivity, automatically
set by the monitor for the ionic dialysance (ID) measurement.
We studied whether this feature was in relation with access
recirculation. Firstly, we studied if the manoeuvre of reversed
position of the blood lines created the same feature in the
blood volume curve. Secondly, two medical teams
systematically checked for the presence of spikes and
measured the access recirculation by way of an ultrasound
dilution technique. The manoeuvre of reversed position of
the blood lines invariably reproduced the same feature on
the curve of the optical blood volume measurement in case
of a recirculation greater than 20%. In the normal position of
the blood lines, the 16 patients with an access recirculation
greater than 20% had spikes. Spikes during ID measurement
were not constant for an access recirculation between 10 and
20% and did not occur for an access recirculation of less than
10% or an undetectable one. The special spike of the optical
blood volume curve occurring during the ID measurement
clearly detects access recirculation. The specificity is of 100%
when this modification is present all along the dialysis
session for all the ID measurements and the sensitivity is
100% when the access recirculation is greater than 20%.
Kidney International (2006) 69, 769–771. doi:10.1038/sj.ki.5000154;
published online 11 January 2006
KEYWORDS: hemodialysis; recirculation; optical concentration
Recirculation is usually absent in a well-functioning properly
cannulated access. Recirculation occurs when the access
blood flow rate is less than the dialyzer’s and typically when
the stenosis is on the venous site.1,2 Several on-line methods
allow to measure access recirculation and access blood flow,
the latter being a more convincing, even debated, variable to
detect access problem.3–7 We describe here the particular
feature of the blood volume curve, caused by the change in
dialysate conductivity required for the ionic dialysance (ID)
measurement, when access recirculation is present.
On several occasions in two different medical teams, we
observed small but easily identifiable spikes on the curve of
relative optical blood volume that occurred during the ionic
dialysis measurement on Integras dialysis monitor during
the whole dialysis session (Figure 1). These spikes could be
defined as a rapid variation of the optical density of more
than 3% making the variation visible to the naked eye,
beginning by a positive or a negative variation, and lasting in
no more than 4 min. The optical curve just seems accidentally
modified by a rapid up and down variation and the general
slope of the curve is maintained. We wondered if these spikes
were related to recirculation. In fact, during the ID measure-
ment, the dialysis monitor automatically modified the inlet
dialysate conductivity with a 1 mS/cm step. This modification
lasts for 2 min and usually does not modify the optical
density. In the presence of recirculation, a part of the outlet
blood directly passed on the arterial line and the step of
dialysate conductivity could induce a change in the optical
density on this part of the recirculating blood flow.
RESULTS
Reversal of the blood lines induced the occurrence of spikes
of the blood volume curve when recirculation was greater
than 20% (Figure 2). No spike was detectable under 20% of
recirculation (Figure 3). On the Critline monitor, the spikes
were nearly undetectable.
In the first medical team, 18 sessions had identified spikes
out of the 23 dialysis sessions with recirculation on a 1-year
period (Table 1). Spikes clearly occurred in patients with
more than 20% of recirculation (13/13) and were not
observed in patients with less than 10% of recirculation (0/3).
For a recirculation between 10 and 20%, spikes occurred in
five dialysis sessions (5/7).
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In the cross-sectional study, recirculation was seen in five
dialysis sessions (5/25). For the dialysis sessions without
recirculation, no spike was observed (0/20). The three
patients with recirculation greater than 20% had spikes.
Two of them were dialyzed on a central catheter. The third
one had a native fistula without detectable clinical problem.
She underwent a fistula angiogram that found a tight stenosis
of the venous site. After the dilation, spikes did not occur any
more. Two patients with recirculations of 13 and 6% had no
spike or no constant ones.
DISCUSSION
Recirculation lessens dialysis efficiency and is a marker of
access problem. The detection of dialysis sessions during
which such a phenomenon occurs is therefore crucial. We
describe a particular and easily recognizable feature of the
optical concentration curve, which permits to recognize the
occurrence of significant access recirculation. This feature is
highly specific of access recirculation and has a sensitivity
of 100% for patients with access recirculation greater
than 20%.
The spikes that we describe are probably a kind of artifact
of the optical concentration measurement. In fact, this
apparent change of the blood volume is not in accordance
with what is expected. The change of the dialysate
conductivity during the ID measurement may induce a
change of the sodium transfer. In the absence of recirculation,
this change of sodium transfer is diluted in the total body
water and the dialysate conductivity step is unable to
significantly modify the blood water repartition within the
2 min of the step. In the presence of recirculation, the
modification of sodium shift could be sufficient to provoke a
modification of the blood water repartition in the small
volume of blood that recirculates. In case of a positive step of
the dialysate conductivity, the increase of sodium shift
toward the patient induces a shift of water from the
intracellular blood compartment toward the extracellular
blood compartment. In consequence, the extracellular water
blood volume increases, the intracellular water blood volume
decreases, and the total water blood volume should remain
stable. The optical density is sensible to this water shift and
reacts as a blood volume drop, with a hemoglobin increase.
The water shift is responsible for the same change of
hemoglobin in the red blood cells as a decrease in the water
blood volume. The optical measurement might be more
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Figure 2 | Manoeuvre of reversal of the blood lines during a
hemodialysis session. There is no recirculation in the normal
position of the blood lines with an ID measured at 179 ml/min. Then
the lines were reversed, inducing 22% of blood recirculation. In
consequence, ID decreased to 136 ml/min. The spike of the optical
concentration curve clearly occurred during the measurement of ID
in the reversed position of the blood lines. Then the lines were put in
the normal position. ID regained its initial value and spikes did not
occur. The X-axis is the time scale. The scale of ID is located on the
right Y-axis (ml/min). Scale of the optical blood volume curve is
located on the left Y-axis (% of decline).
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Figure 1 | Spikes (arrow) of the optical blood volume curve
occurring during each step of dialysate conductivity for the
measurement of ID. The X-axis is the time scale (h). Scale of the
optical blood volume curve is located on the left Y-axis (% of decline).
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Figure 3 | Manoeuvre of reversal of the blood lines during a
hemodialysis session. There is no recirculation in the normal
position of the blood lines and 9% in the reversed position of the
blood lines. After the inversion of the lines, ID decreased from 180 to
177 ml/min. No spike was detectable in the reversed position.
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influenced by the corpuscular concentration of hemoglobin
in the red blood cells.
Spikes are also observed on the Gambros monitors AK
200 equipped with the same type of measurement of ID and
the optical measurement of blood volume. We were not able
to study the occurrence of spikes with the blood volume
measured by the ultrasound method.
The spikes are easily observed on the dialysis monitor
without additional manoeuvre. Computerized treatment of
the optical concentration curve should be implemented to
make the clinicians aware of its occurrence. We therefore
recommend a regular checking of the optical concentration
curve to detect spikes.
MATERIALS AND METHODS
Firstly, during the manoeuvres of reversal of the blood lines for the
measurements of access blood flow, the presence of spikes was
detected. Optical hemoglobin curves were registered using the
Hemoscans (Hospal) and the CritLines (In-Line Diagnostics
Corporation, Farmington, UT).
Secondly, one medical team reviewed all the recirculation
measurements dating back from 2003. The recirculation and blood
access flow rates were regularly checked every 1 or 2 months for
every patient with an ultrasound dilution technique (Transonics
HD01 monitor, Ithaca, NY). In all, 23 measurements in 16 patients
showed recirculation. All the patients with recirculation underwent
a fistula angiogram. All the dialysis sessions were automatically
recorded on a central server. The 23 dialysis sessions with proved
access recirculation were analyzed for the presence of spikes.
Thirdly, the second medical team checked the dialysis patients for
recirculation and spikes in a cross-sectional study. Measurement of access
recirculation with Transonics system was performed in 25 patients.
All patients were dialyzed on an Integras dialysis monitor
standardly equipped with the Diascan module for monitoring of ID
and with Hemoscan for monitoring of optical hematocrit variation
(Hospal).
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Table 1 | Presence of spikes during dialysis sessions with recirculation detected by the ultrasound dilution method (Transonic)
Patients Recirculation (%) Spike Access blood flow rate (ml/min) Angiogram
1 10 Yes 220 Distal stenosis
1 25 Yes 180 Proximal stenosis
2 17 No 200 Proximal stenosis
3 20 Yes 290 Proximal stenosis
4 31 Yes 300 Proximal stenosis
5 40 Yes 160 Distal stenosis
5 18 Inconstant 300 Venous stenosis
6 24 Yes 1170 Inversion of the needles on the loop
7 28 Yes Measurement impossible Venous stenosis
8 17 Yes 230 Proximal stenosis
9 30 Yes 130 Venous stenosis before stent
10 37 Yes 80 Venous stenosis
11 33 Yes 250 Venous stenosis
12 29 Yes 255 Double stenosis, proximal and venous
12 24 Yes 180 Recurrence of double stenosis
13 4 No 300 Distal stenosis
14 20 Yes 160 Proximal stenosis
15 10 Yes 140 Distal stenosis
15 22 Yes Distal stenosis
16 8 Inconstant Not performed Proximal stenosis
16 32 Yes 410 Proximal stenosis
16 7 No Not performed Not performed
16 36 Yes 270 Proximal stenosis
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